muscle mass during the inpatient period and reported the effectiveness of exercise intervention. 7 The aim of this study was to assess physical function in patients participating in a one-on-one exercise program by using the 6-min walk test (6MWT) and handgrip strength before and up to 1 year after HSCT. We also sought to identify the factors affecting the recovery of physical function and quality of life (QOL).
Between December 2005 and August 2013, 198 patients consecutively underwent HSCT at our hospital. We analyzed 45 patients who survived without relapse for at least 1 year after HSCT. Physical function and QOL tests were administered up to 2 weeks before HSCT, upon discharge from the hospital (within 1 week of discharge), and 1 year after HSCT. In all, 153 patients were excluded owing to death or relapse within 1 year (n = 99), physical problems (n = 18), follow-up at another hospital (n = 9), lack of interest at the 1-year follow-up (n = 15) or missing data (n = 12). Of the 45 patients analyzed in this study, 15 were included in our previous report. 7 This retrospective, descriptive study was approved by the Imamura Bun-in Hospital ethics committee. Exercise therapy was performed for 40 min/day, 5 days/week for 2 weeks before HSCT and until the patient was discharged from the hospital. Patients received one-on-one exercise therapy from physical therapists, which consisted of stretching, resistance training, balancing exercises and endurance training. Details of the exercise intervention program are provided in our previous report. 7 For outpatient intervention, self-directed exercise at home was recommended. Upon discharge, patients were instructed to continue exercising as they had done during the inpatient period. In particular, we emphasized the importance of performing the walking exercises at home.
As physical function tests, the 6MWT was performed and handgrip strength was measured. Health-related QOL was assessed by using the Medical Outcome Study 36-item Short Form Health Survey (SF-36). 8 As clinical factors, the levels of serum albumin, total protein (TP) and hemoglobin, and the doses of the administered steroids were determined. The total cumulative steroid dose was expressed as mg prednisolone (1 mg of methylprednisolone = 1.25 mg prednisolone, and 1 mg of hydrocortisone = 0.25 mg prednisolone) per kg. Repeated-measures analysis of variance followed by Bonferroni's correction, and the Friedman test followed by Scheffe's test were used to analyze the changes in physical function, levels of clinical factors and QOL. A stepwise regression analysis was performed to identify the variables that altered physical function and QOL between discharge and 1 year after HSCT. To investigate the effect of a change in employment status with respect to physical function and QOL recovery between discharge and 1 year after HSCT, a two-way repeated measure analysis of variance followed by Bonferroni's correction was performed to compare three groups: (A) the patients who were not employed pre-and post-HSCT (n = 16), (B) the patients who were employed pre-HSCT and did not return to work post-HSCT (n = 15) and (C) the patients who were employed pre-HSCT and returned to work post-HSCT (n = 14). Statistical analysis was carried out by using Ekuseru-Toukei 2012 software (Social Survey Research Information, Tokyo, Japan), and a P-value o 0.05 was accepted as statistically significant.
Among the 45 patients in our study, 14 (10 men and 4 women) returned to full-time or part-time work within 1 year after HSCT ( Table 1 ). The work performed by these patients involved physical activity (n = 9, 64.3%) or isedentary tasks (n = 5, 35.7%).
Handgrip strength and 6MWT scores were significantly lower at the time of discharge than before HSCT (Table 2 ). However, they returned to pre-HSCT levels within 1 year after HSCT. The scores of the SF-36 subscales were also returned to pre-HSCT levels within 1 year after HSCT (except for physical functioning and mental health). However, the pre-and post-HSCT SF-36 scores were lower than the mean scores of the general population. In multivariate analysis, TP were levels positively associated with increases in handgrip strength (P = 0.003, r 2 = 0.216) and SF-36 scores (physical functioning; P = 0.023, r 2 = 0.356), and the results of the 6MWT were positively associated with SF-36 scores (physical functioning, P o 0.001, r 2 = 0.356; bodily pain, P = 0.032, r 2 = 0.425; general health, P = 0.007, r 2 = 0.266; role functioning emotional, P = 0.041, r 2 = 0.254; and mental health, P = 0.015, r 2 = 0.241). When comparing 6MWT recovery in relation to a change from pre-HSCT employment status, significant time × group interactions were observed (P = 0.022). The patients who returned to work post-HSCT (group C) showed a significantly greater recovery of 6MWT than those who did not return to work (groups A and B). After discharge, chronic GvHD was observed in seven patients, but the symptoms (for example, dry eye and dry mouth) were mild. Steroids were administered to all patients. Steroid dose was not associated with the recovery of physical function or QOL.
To our knowledge, this is the first retrospective analysis of physical function 1 year after HSCT. Wiskemann et al. 3 found that 6MWT scores were higher 6-8 weeks after discharge than at the time of discharge, although not as high as those before HSCT. Tuchman et al. 9 reported that 6MWT scores were less than those predicted for age-and sex-matched individuals 17 months after auto-HSCT. In our study, exercise therapy was initiated before HSCT, and adherence to exercise during hospitalization was high (82.0%), as in previous reports (90 (ref. 3) ). Patients were instructed to continue exercising at home. Although 8 (17.8%) patients were not very physically active for several months after discharge because of fatigue, 37 (82.2%) patients led a normal active life, and their physical activity gradually increased. Therefore, physical function appears to return to pre-HSCT levels by 1 year after HSCT.
Increased TP levels were associated with the recovery of handgrip strength and that increased TP levels and 6MWT scores were associated with the recovery of SF-36 scores. Serum protein is a marker of nutritional status, which correlates with muscle strength. 10, 11 After discharge, taste perception and nutritional status gradually improved, and TP levels were higher 1 year after HSCT than before HSCT. QOL has been linked to physical function in HSCT patients, 12 and physical function has been shown to correlate positively with SF-36 scores. 13 In many cancer patients, returning to work can improve QOL. 14, 15 In this study, no difference was observed in 6MWT at pre-HSCT and discharge between patients who returned to work after HSCT and those who did not return to work, regardless of whether the patients were employed or not before HSCT. However, a significant difference occurred at 1 year after HSCT; the patients who returned to work after HSCT showed a greater recovery compared with the patients who did not return to work. The commute to work or the work itself might be involved in the increased activity of the patients who returned to work. Our study included a small number of patients who were relapse-free and active, and 35.7% of the patients performed sedentary tasks at work; nonetheless, it seemed that return to work had a good effect on physical function recovery.
This study has several limitations. First, it included only a small number of patients; many patients were not included owing to relapse or death during the 1-year follow-up. Second, outpatient intervention was not monitored and daily activities were not logged. Therefore, we could not quantitate the overall physical activity of the patients. Third, we evaluated allo-HSCT and auto-HSCT patients together. Auto-HSCT patients are expected to regain their QOL more rapidly than are allo-HSCT recipients, and the timing of evaluation would therefore be different between these patient groups. Determination of the time required for recovery of physical function in patients who undergo HSCT should be further assessed by a prospective study with long-term monitoring of physical activity.
In conclusion, physical function and QOL can return to pre-HSCT levels within 1 year after HSCT but remain below that of the General Population. Physical activity and returning to work may be related to this recovery and should be further studied.
